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Abstract of KR 20040058479 (A) 

PURPOSE: A GaN LED(Light Emitting Diode) of 
vertical structure and a manufacturing method 
thereof are provided to improve radiation effect, 
reduce forward voltage, and enhance the discharge 
effect for static electricity by using a conductive 
substrate instead of a sapphire substrate. 
CONSTITUTION: A GaN LED(20) is provided with 
the first conductive type GaN clad layer(25c) having 
the first contact(29), an active layer(25b) on the 
lower surface of the first conductive type GaN clad 
layer, and the second conductive type GaN clad 
layer(25a) on the lower surface of the active layer. 
The GaN LED further includes a conductive 
adhesive layer(24) at the lower portion of the second 
conductive GaN clad layer and a conductive 
substrate(21) on the lower surface of the conductive 
adhesive layer. The conductive substrate has the 
second contact(27). The conductive substrate is 
made of one selected from a group consisting of 
silicon, germanium, and GaAs. 
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97| ^£jA| Ste^i um3B 314fe|X| 

37|H^SA|BB?atj&*!£i^5oFJi|-E 10 3- 408 
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S7|£SejA(^Ahg136-3 



e aj-se GaN snwi2i=oii em 3o|e=k 

t* BtSe, *M ?d^)0| tfe!* 5>b Xfll 5E2S GaN 7l Xl|1 5E213 GaN 3£l|J=§ Sh^Olj 

S tfg»3h 7| §t&B SffflOfl 7|2 GaN SEHE-S^h 7| *I|2 5E£dtl GaN 3El|J=S0fl 5E2 

g a«|-SsK #7| SE£j-^ *fflo| «g£|cH, ^12 Wo\ SESJ^ 7|^S iflsffe GaN iT 

9 ao|2£f fl|g&ch e ^si^S GaN Bf«-q-o|2 = £| *l|^£i5E nsW. ms\, fcjolMHfc 



SE 2 

^sJt'-s gMH^o|s= = . GaN ara-c|-o|£ = , Aj-H|-o|oH7ie, eilolxHSSSS 
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£1£ SSHSI GaN |fr#CK>|£ = * 7^*403. L^Ufe *BB£0|CK 

H2t & afgSl ^^A|^EH0^| njft GaN tfS^O|£ = * 7H§f^°j=! L^Llfe *MEO|Ch 

£3a-3e& & ^ScH| nf£ GaN Bt&cK>|S = S| ^I^SSI tfB*7| fltt 7 A Bflltt «3BH£0|CK 

£4afe B)|OW ^ S^0| oj«H £h#S^O| AW0|CH7|&4 GaN BBS WS?5Sf £A|&cK 

£4bfe s#si a^ow sepi-soa £i®n GaN E^as afs-^sgsi iei u-Ehyw. 

£5a-5efe & ^S^l C&5 Hh&*]& GaN ^CfO|oco| KHS^ycHlAH A|SE|fe A|-n|-o|o-|£E|SS» ^S^7| 
& zt BHU «S&H£0|q-. 

21: •yej^ 7|& 22: ^k\% 

24: £^£1 S*f© 25a: p« GaN &EH<=S 

25b: tfg© 25c: rrg GaN SEH^S 

25: GaN B^S l^^SM 27,29: fiOj, n« 



HhCMOl AKlJi*!- A-tO=t 
2S I o A M lJ so 



555 C~J- —"-"I ! ™~i 



g ^gg -£5|^2 GaN tf# c r 0|£J= gy n x^^^^l ^£ <22££^S £fe SEg&S£] A|- 

J*0|0H7|M ^|7HShJL *JE|^7|&Hh 7|&S S-*f9°SAM *l£ AJ£|^S S#A|£! GaN Hf» ChO| 

2.^ a! n xHS&ScHi 5!o|c|-. 

°J h J5{oS, C|-0|2c(||ght emission diode: LED)fe SX r £l *HaS0fl 7|£«KH tt5I*ll4:X|-£AH 
, S-»aj, SXF7|7|(H|AH o=|EH SeH2.| ggog ys| MSS\JL ?M. #7| S&S 5 GaNb imcK>|2=:fcxH 
AllZESr-fe thm#^AH zm^cK 

OilS *<H, EIIOl^Oll #*| A|g£Efe AIGalnPSSe, 7|-A| ^ffljmi^l ^¥(^ 600- 700nm)(H| «H9&C|-. BJ-tfOfl, 

±^mmm A^i-y nhs-a srt ^js «^*h7i ^isiiAife uim*! & bhj& as 7hxit bbm n&vi Mm 

S ?fHhO|c (SiC) ^ |||^ SSI-gT^I BBM. U0|E E |-0| = (GaN)7h ?Je|. B^S" LEDfe ^A|-^| £|<H|£, S 

7R&x|(optical storage) S| ^SSZh* §7hA|g ^ ajcfe SS(«1^#<H| U|«l ^ 4b)H §7h7h^)« ?fi 

oist ae ^^d-s ni^ asi-STHi frtrg eh£*ii 5 GaNfe che 111^ aafSTHisM- D r #7^iM, 

* t ^§7i-feEi- 71^01 aacf. tusrAH, GaNSs^i g&m miti 7mm Mgnoiot &c\. om as g 

aNSSS fl& «S-7|&osfe A|-3Z|-0|0-i, ^ nfe ^AhO|c (A | 2 O 3 )7|&0| CHJt^OlCr. 
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xlEh, MEhO|o-|7|=he 7|#* AhS&osAM, GaN?=ll am- choSS^al ?2<HI °JoUH & All^TS ^i=ch £1 

£H| £A|S ^£HS] GaN^i c*0|£c o| ggfi ^^o £ 4dS«F7|3. fi-cK 

£ie SEH^I GaN |HH}0|££O| ^&fflSEO!Cf. GaN tfS C|-0|£E.(10)fe A|-H|-0|0H -aS" 7|&(11)i!|- ZL AWolcH 

7|»(11) 4fofl S-SS GaN ifWSSOS)* aSStf. 

#7| GaN if»?Sg(15)S 4f7\ AhnhO|oH 7|& #<H|(11) ^jf?4o £ n S GaN #EHJ=g(15a)Jif 

g(Multi- Quantum Wel!)=?S°| &^S(15b)2|- GaN SEH = S(15c)S. ^-^Ch fe h 7| ^ 1,^^8(1 5)5 MOCV 
D g£] 0|*«F<H 4 s 0| Otf, GaN gEH^g(15a)§ S£Sr7| fcjofl A|-3iho|0^|&(1 1>3fS| ^ 

tT^Al7|7| fl«H, AIN/GaNos o|^ohei m*«(n|EA|)» ^E. ?M. 

±&9\ °J°4oi\ tUg-^fe GaN 3SHEL S(16c)3| lf^S(15b)S Zi^|of|SsF(H GaN ^EB^S(15a) W 
^ffl* Jr.fi A|?|j2, ZL Jtft@ GaN SEH&S(15a) p« fiEHJ=S(15c) tffflOfl ^ SSI - * 

7i As- ns ?j^(i9)jaf a^(i7)« sstm. sw?°jb^« S7hAi?iejAHs. 3Ws.(Hi srss* ¥ 

*l St 7 1 fl«HAi, SBH^S(13) #EiOfe pS ?dS|<17)S S^Sh7| «KH| ^^(transparent electrode: 16)ft 

0\2\ S-0|, SEH^I GaN ®C|-0|£E.(10)fe S<£giJ°l A r 3i|-0|<H 7|S(11)« Ah^^h^l ttflgoi ¥ 3^(17,19)01 7H 
°| S-ffoS. 4= gicj-. a|-BrAi 5lel , ej7hA|0| aaj(19)°a^E| #^g(15b)g #SH p^ ?HHj 

(17) OS tf*rfcr S#«0| 4*«^SS t*£h tliSMI 4* tt<H| 8*cK 0|&|ffi- fl^tS SWMog. 0]^ Ah 7 | 

B|-» cho|£ = (i0)fe £ifS SSI"(V f )0| S7rt r o^ S*i*o| xWElcH, S£i7|^(electrostatic discharge)^ 

EE®, SEHo| GaN »C|-0|2 = (10)CH|AHfc, §7 r CH[ o|SH ^^^Ol ttH<HI Wno\Oj 7|&(11)S| 

ySt-Soil o(SH ti8!-*0| §j^orA| ^ohSS, aS7h(H| CCl-Bh A r EfO|cH7|B(1 1 GaN tfS?Sg(15) Zh<H| 7] 
7NI«4 S^ol y^tfe MISSUS 4= 

UO^K SEH^I GaN imCrO|°_<=(10)(H|A-fe, ^^(19)i «£S r 7| flSHAH, SjO^ Sa|(19)S| Sj^MCh 

37-|| #^S(15b)£i ^¥^<^g ApHofO^O^ § r °S, WSffl^lOl aiE|0^ 4:A|-37| pj ^|£0-|| 0.[B ^Ss#0| A^h 

OlSh 5fO|, & 7|*SoKH|AHfe, GaN BflS^Sofl Ahnho|oH 7|&fiS b|*5£|fe &Ai|» SHifJ-o^j*j ! 

a! ±^o| tJsi'SS Stf Ala 4= 91^ AHS& GaN S^! Bt«- d-o|£= a! a Sl^F^IoH »cK 



e irse ^71 s^sas sf)a§ r 7i ^-ishah ^ts =l ^sit^oi y-e, s^-y A r n r oicH 71&* ahph 
^jl, 7mm a^s°s if^&aaMi, dirsffe ±.*t9\ %^o\\ ^mo\ m^si^ ^=?-^m Ga 

N tfS CrO|S cf xj|g«Ffec|| ? A 'cK 

e tfS^I CrC ^^S, 4f7| GaN tfS" c r O|°.£S A-i|^§hb A^gsrfe 5J0|cK & ^ h ScH| ah 

5 GaN i h S CrOl^c o| *||^Soj]AHfe, ^o\o-\7\B^ GaN l h S?ifS &S^2S m?m ^ 



^7| 7|^^ &Str7| ^|§HAi, e ^Se, 

AIM fHBjol Aj- es Aj|i GaN SEH^S^K ^7| 7^11 £SS GaN SEH^S Sfffl(H| SSS I^S 

J*, ^7| ^-aS St-e<H| A)|2 £5!^ GaN SEt|^g2h, #7| XH|2 GaN aEH^SOil ^"^3 a«t& 

J3r, ^7| *rH<HI SSEICN, Afe &^0\ § r ^« 7\B9 ifsfe GaN cholS 

e uri, h ^& 4!AitjEH&j|A-fe, ^A r o| ir^fe m^rn v&M?\y\ fl«n. ^7i Afc g 3 n 9 
ehss^ tas Ai-oiofl sss, is-ysas oi^o-ia bjai-s* ch ^ mci-. oibw bai-s 0 -^^. a 

u, Ni, Ag, Ai a! a tfgss aS°S¥E| ^d^!S iS§ ArSiT 4= SM. 
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EE eh, #7| 7lE*S.Sfe, ^BiS, TflSQUB, 9! GaAsS zigo^Y^ i&S MSo[h 5J0| 

UHrs|«W, #7| E£d^ S^ h §2Sfe Au- Sn, Sn, in, Au- Ag a! Pb- SnS Ifjfe zigo S¥E j d'NS §SI 

& 4*3 GaN W»C|-0|£E(HW. MCh £j#S!E¥iM 7H{d^7| #7| X||1 ESS GaN #Efl = S 

• n§ M£gO| £S=J GaN S^f^ S^U, 7| M\2 ESS SEH-!=§S p« S^gO| GaN S^§° 

e ij-ge 4^^ GaN a-schoi£=si xiii^gi sis&ck &7i Ai-n|-o|(H7i& #oi a-ih ess g 

aN #EH<=§, £J *1|2 ESS GaN MEH = SO| fe^?l££ hHt;|£! tf?5ff S&sffe B*lfih #7| 

^ms 3.7i^ s&shte b-tm, #71 #e £es^ g*i-s« oistho^ *moj 7 \ 

&m &7^, #7i Bfa-^ssw^ #7i a^on7|&# *«7H*fe em^, #71 *m ess 3eiij=ssi 

SFffl § #7| A^o|oH 7|&o| xi|7-|@ #7| E£j^ 7|£f-o| j^gg QcH] x| 1 Si x|2 aaj# zfzf «g*|-te &N2I- 

, #71 Tan gj x-ii2 a«ioi ym-ss 7H"^ tfa-choi£cs as-ti-fe &nm itsa. 

#7 1 A|-n|-o|o-|7|fi-S xl|7-)sfc 0-7=11 #7| A(-it|- oloH^lSh s|-¥cH| 5]|o|xH iA|-5|-o^ #7 1 ^t^SSYe-I #7| 

AW0|Oj7|#* £B|Sfc B^IH 4= 5?JCh. 0=j7|AH HBfi StfS^SSOl H7|fe #7| ef|0|Xjg(X| S|fi iApJWjf 

SI § *J«F7HU #« 4 7Htt ttlWo|££ofl SJ*|sfe H7|s 3B» 4E 

#7 1 ses^ a#ss ois^oi 7ie-« s*t^fe e^ife, ts-a s#s» msi es-^ 7ie°j ^eoii 
<m aaa 4=e zj°o=i, #71 »js?ss #e<Hi a<hi ee^ 71&M atmb afss ^e at*. 

o|*K E<a# &i#o=| s gJ-gs mc* #A||§| ^Ss|-7|^ S-cK 

E2b ¥ u JS°i U^5|t!- ^AI^EHOil GaN tf® thO|£C( 4 o) o| ^&^i£0|CK 

#7| GaN im C|-O|S^(20)b GaN SEH^S(25a), l h ^S(25b) SJ GaN MEH^S(25c)S itTthb tf* 
?ZEM(25)S StT^tH, >Hq^o^. Ah 7 | pS GaN S5«£S(25a)*heofl ^$(22)* iff 4= SJc|-. #7| 

6J"A^(22)S t^d-a S«tS(24)* 0|*^<H 41 BIS 7|&(21)4 S^^icK #7| &|A^(22)& ±7$ 4f?i£S IT^b 
?T#A|7|7| flS go^AH, BhAtSol o|*oHS 4 5£JcK uH^*Wlfe, #7 1 BJ-AfS(22)S 

Au, Ni, Ag, Al SJ n tTgo^ =F«B afi££¥E| SS£ offg 4 s 

5E£h, #7| e>AhS(22)5hS0fe #7| ^5J^ ^#§(24)01 S^ScK & ^§CH| 0|-e GaN eaSCJ 3*3-^8(25) 
e AW0|0H7|ffl- #<H| ^#£|Lh AHhOlOH 7|&^o[ BhCHEKHI 7|&* ¥*TtU, AW0|0H7|&» Afl7Htffe « 

S^M S8H £20i| £A|S| GaN afS C^O|S£(20)£|- tfO| ^S|?2E^. =FlH^cK 

oi« =?-m\7\ wmM, mb\& 7iB(2i)g ¥*f^7i ssrs(24>oi ai-s@ck « irgcHw A^ssjt 

^ g^S(24)& 3fb £.a^ gao|CH0^ om® nS-S-Tr Au- Sn, Sn, In, Au- Ag a! Pb- Sn§- £f 

§fe zigo^EH 3^ a&xns Ah«t}-b 5Joi u^sj^ct. om aoi, a«r»(24)* mm 

e 3^ SEfe IfgOL^. 0|^0HX|EL^., U|jjL5| *e ehA|-5=S 5>bcK lll-El-Ai #7| BhAfS(22)0| ^af^cHH|-E, e ^ h 
S(H|A4fe SiTS(24)o| uhAhiOll o|s|] *f#A|S 4= ME. 

t* 4'aI^eH^ g-ol. E^!^7|&o^ ^B|S 7|&(41)# AFgfi- ^ WLK & BtS<H|/Hfe 7|^°J A|-n|- 

0|0H 7I&3I- g-B| £E£!-a 7|£l-0|e &^t$Z[. S tfgO^AH A^H ^ ES^ 7|Eh°Sfe MB\&, 7-j[30hfe Si Ga 

As So| JJS 4= aid-. 

0|^ 5fO|, S 4IA|«E||0| CCFS C|-0|£J=(20)fe #^¥7^ S7|^o S Eg g ^ oi fe g--^ ^ e( . AHi ah 

7| ^JBIS 7|fi(21)Sl nS GaN &£H£=S(25c)£i #H ^¥CH|fe ZfZt pS S^(27)^ nS ?H^I(29)« fi#tr 

o^AM E22F 4^ =F3E GaN im C|-0l2£7^ &^SCK 

S ^JAl^EHcHj GaN C^0|£ = (20)fe SEH°J ^^^^Scj- o=|EH7|-?:! SJSS A||g&cK AW0|«H7|fl- 

SE*f, 3S^e<H|AHfe, S^^E^at S¥"Si 7H-id& 4= ^-S£!=o| S^!5So| ast[x| $°oi, Tjji*!- 

AfnK>|<H7|eo| A||7H£j°^, 7H"g 4iAh S&sfe 5So| 7_^§HS 4 a!ch. ?m LEDSJ ^E^^oilAiJE, S 

BH£| 4^?^ BTSi^o|2c2|. g-Bl, tf^ssi 4jz|-«|-fe §So| a?Ejx| g>o n^ r uj-^oj^g g|- M *h 

4= ?JoH flEf Mch lf#A|a 4= ?Jcfe SJaol ?JcK 
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£2<Hj GaN£| %^C[0\2.^(20)0]M, tf# ¥2Eg(25)& #^S(25b)S 7|g©^. &¥<HI GaN 3BHJ=g( 

25c)2h *F¥<H| p « GaN #EHJ=S(25a)0| §eHS. cH|A|£|o-j £Jo.L| f S t^gs O |0-|j &g£|x| e*°Di Si^f 

o\\n * «» aw aoi, ^71 seh=ssj ebss ahs. yai^ 4= aw. ash ¥ ^ai^ehsf a-oi, »gs(25)si # 

7H4d» 4- ?Ja. 

Eff, S t8£ 4**1 GaN Bf* c|-0|2 = S| Hl|2ty-fflg *H5ir 4= &|CK 

£3a Lfl*| 3efe ¥ gfSofl nj-e 4 s *i GaN c|-o|ocoj x|SgSf <idg«|-7| fltf zf §§g &E!5=o|cK GaN 
tfS cfo|£ = fi| «|S5Se ^SSI ^|0|nHS o|««KH Sf^KS XISEIU, £3a- 3e<H|A-fe fl«H, Sf 

USI GaN gi-S-l^O|£ = » TflSSfe 0flA|§m 

5=3aSf Sl-Ol, B BtS<X| III-5 GaN ^^c|-0|oco| xflSgSS AWO|o|7|&<31) #<H| GaN &3S£! i^¥ig(35 
)« «#3f-fe B^IS. A|^@cK °r AH -SdSS" ttfs* ao|, GaN im¥^g(35)g- AWo|o-|7|&(31)« «S"7|#os o| 
*«KH ggj-* 4 SICK #7| tf»=?SS(35)& Ma g=So| gg S £j#A|7]7| flSfl, AfnhO|oi7i&(31) tfofl GaN/AI 
NaS§4 tf & tH^S(n|HA|)# «g» *<H| g&Aia 4-£ SJcK 

5E&, 2i5^eJ LED°| #¥<HI nS GaN 9EllE.S(35a)« A|7|J17;F *> [tfofe, £|S^eJ ¥2<H|A-fe e^HSl #*f- 
¥*|x|7h Bh^JSlHS, £3a2f i>0| GaN SEH£S(35a), g*(35b) Si pS GaN ge«^S(35c)^ 

g-y&a. 

oio| £3b2h a-oi, no\2.<=°\ %-a.wsLm v#m?\7\ mmM, p« g 3 n asni=$(35c) #w waists s 

4= #7| #M&(32)& Au, Ni, Ag, Al Si H af°S¥E| -ti^S BM|-SO| ^£ -g^S 

oiss 4= ?jck ^7i y-Ahs(32)e «e Ehgs ¥^2hb s^g^s ^aiy-sr °s aw* sa-tMi 

A|fl 4* aid-. #7 1 BhAhS(32)e »#S| ^bHejs s-*|s o|««KH sa^KHI o|8H *o|s|-7f| ^ea 4= ai» 5o|cK 
C[§°S, £3c2^ a-Oj, ^7| HJ-A^(32) &CH| S^S(34)S 0|g^-0^ 7|S(41)« ^IfAl^JcK ft 

e ems(32) -y-o^ s^-a a*tS(34)S oibi *chi ses^ 7i&(4i)* s&Ai^fe #i|os saieioh ajog. 

, 0|2h 9B|, Hti^ a^*(34)# 7 1^(41)21 *\&o\\ ^o\\ n. fihAhS(32)CH! S^^fe ^^o^ 

4=t ?jck ^7i s«rs(34)# ^si-fe gas ser&j esofl ois* 4= »a«j 4- sjoch. ^ 2 

00- 300°C£| §Sf SJOH A-!S<H|AH ^*To| 7hfefi fS§ A^gffe 3o| ^tr^jSW. o|< Eh^SFfc £S 
•a a«fS(34)S| Au-Sn, Sn, In, Au- Ag 9J Pb- Sn^ i^Sht ztgo^¥&1 MSJS A|-S* 4= !U 

5E£h 4T7I 7lS(41)& M^^OI £S£|0H 7hS 4 s fJfe 4JE|&,7H|s D ^ GaAs g ifgfe 7| 

A^sfe 5oi uufsjsw. *m, E3b<Hi £ai^ e>AhS(32)%^5se s^oii ^7i a*fS(34> 

e pS GaN SeH^S(35c) ^ofl S^S 4=£ 2Jch. 

£3d£h SfOl, 7|&(41)o| S^SSOl S-SJEie, AFnFOlO-i 7|fi(E3c2| 31)S A-j7HffCf. AflfON 7|S-£ a|0| 

^ §§, 7|7^|5H «y nK S( .*h*j Alzh flf . 7> e g X | 7|# g §HH 0|g«fO^ Xij7-|S 4- SlSU, A^E^0!0^ 7|fi" 

S & ¥0|s ^Ahoi^(Ai 2 O 3 )°j ^H*iaS?SS/H □(]¥ 7 Wis) ejnUd- *tt«l Ah-gsh 

fc g^ofc 5Sy|So|L[- A|7_ho| S7^§|-fe su'ct. tchEhAH, AHFo|oH7|&aj GaN a-a-^Sgsi 'HSS^i 

4=(thermai coefficient of expansion; TCE)°| *frO|# 0|§^o=| ^BlSfe o h SO| 0|«Scf. 0I&I& CHi^eJ 

zLEHLh aioi^H aoi oisth gtas ^^¥Stt a! tia&^i^si *hoi^ qjsh, g-ase* ^^ai^ 
^ej we-ci-oiscoj ^si^a sw\ sua-, e w s«Hi/Hfe oi^e s^is $\t± =?-Mmzi m^\om 
7ieesi7i*£ x-iigfi-a. oichi aisiiAHfe *#§F7|s s-a. 

Z.m*\°sL, £3e2f a-0|, 7|ff(41)alF n^ GaN aeH^S(35a)2| i^S^Oil p^ §j n « ^a{(47,49)S 

£JS*iei 4-^¥i GaN S-S- ao(£^7^ S^S 4- ?M. ^A-i um a-0|, S ^S0^| GaN bi-s 

ao|oc fe 4=^^ s^sioi ±x[o\ oi »| £i ^ 7 i«o S %*#Am 4- ?ja. 

5E°h, S SScHj cue ^goilAHfe *I*H n^±^B9-\°\ 5S« ^Aj^oLh, ^^jo| i h o| fl|o|nHS 

^4-?H# *A|o^| x^sfe 3¥ofl, 7HS ^ ao|£c S ggoflAi ^7^9j bi|^M ^gi-sfe 

ttiiQ A^H^oIo^ 7|©o| a|S| x-B7Hi|=s, &±t!t S&S 4= ftia. 

¥ 8eH| aj-e 4=^^ GaN lh»chO|£= XllStf GaN &SS u JS?£i§ A|-n|-0|<H7|» «<HW ^&A|7|Jl 
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, zl AhnhoioH 7ie°i *i*i5 yaeoii 4iBi& 7\mh a-e .£5^ 7i5« ts-y s*ts« oistf<M qsai?j 

A^o|o-|7[5S *H7HS-osm| 4^?^ tf*cho|£ = # L^S- §«H S^If 4= 2Jcf. 

0^7|AH, tfSe #7| 4^?^ GaN tfS"C|-0|S£ ^l|5^ H j§ gO|*F7fl ?a*fr£AH, MC|- ^4=5 C*0| 

^ at u^sjth ahi¥7|^h nmm 4 &ch 

e SfS si 4*l?£ GaN ^S-cFoioc g mtoM 7|5« ^ElSfe gSS ST AH -uafl- HhS* &o|, oHEH 

§X|7|*0| ^S^o^ 51S^fed| gig ^^|7h JJCh **|, UUfSie *A|f| 4 a|0|*J gJS 

0|S& gB|7|#£ 4JS^°S. A(-E|-O|0-j7|tHlh GaN Bta^SSSl H^n^ SI ?W¥§tr°S fiJSH Bj|0| 

*i SAhj^SOflAH #7| GaN 3Seo| £#5Lfe gAl|7|- ^fl- 4 Sitf. 

£4afe *#°| Bl|0|^gj* 0\%& AfEhO|O^E|gSS| &73|S# 4jS*|-7| SS5e!£0|C|-. 

£4aS &3£S^, Al-icl-Olo-l 715(111) #<H|, gj-g- ^ZEg* GaN E^ aSS(125)7|- S-SEU, Zl ^|0H| ££j 

g a«TS(124)a OlgSM ft|B@ 7|52h 7|5(121)0| «g»E|(H °1c[. O^W £A|S =r^fe JE3a-3e 

fit BB|, A^olo-I 715(111) #ofl GaN Bf3"C*o|£ = 7h *M»?HS SeHo|cK 

a^okm 7i5(in)g esw7i ^sh, aioixn gjs ai-hfoioh 7i5(in)£i si-¥<hiah zeah- mioi x\no\o\ 7i5(in) 

4 GaN &3SS(125)2| saSS^S* amYSftas £isH 5# S^o| fl^tfch ^, Ahnholo^ tiHSMI^fe af 
7.5 x10 -6/K eJdJ BJ-«h04, GaN ^5.9 * 10 -6/KOlcH, ^ 16%°J ZWVS&S 7hX|Di GaNMINbHiH 
SS&Sfe 3^0fl£, 4= %o| ^Xh^S&Ol *tt&&3.£., OlS eJ*H, B1|0|XH gJOfl °|5 SB^AIOfl, A|-B|-0|<H7|5(111 

)2|- GaN eaSS(l25)°l MoflA-fe *m g eWS^ah ej&gatoi Bleach 

s^l, a|0|AH |jo| SAfffl^lOl ^4:51-0=1(^1 CH 10infflx 10mm), AWO|OH 7|fi0fl ^^o^. 3^£|HAH 4£l W*t«|-fc 
tf^jos. aSJElHS, S*HU"Sie*lfe MC|- £JZtSHX=l, GaN &SS3(125)2| 10§ 3L7H| £tf A|fl 4 &CK 

£4bfe M^o\oi 7|5 esitf o|g& S^&il S-^g^ofl sjsH e^o| tf^s GaN Bas*(i25)fi| 50 
« U^yjch. £4bS STSSFS, S?§&7^(TCE)o| xhol^ oj^ ; ei|o|*|fc|* omstoi ^Bjsfe 

CHIAH, GaN itf 0| nhJi|S ^gol dh^^ Bl^&f=fe fl- ^ oi^_ 

3^, OIEH5 ^At-sj chT^oja ijgxHoj GaN a© d-o|£ = Sj ^17|XH s^s a7) | xHt|-A|7M| sjcK 

0|ffiF as SX-|]g 5fiS^-7| ^ISHAi & aSCHI m-C GaN gJ*C|-0|£= Xfl^^ao^AHfe AH^S A|-E|-0|0H7|& &B|g 
SS A-II55CK S aasl Hha^S 13 EH <M| AH ^|^£lfe AH*0|0H7|& ^BlSSS i^?5iS S^Sfe GaN 53 
SS°I SSfHi ojAfe il^Sl-^71 ^|§HAH Al-nfoloH 7|5 #<X GaN n|E| 7HH ^5fls SE^Sh 

fc ^o|ch. 

£5a LH?:| £5fb & aS£l Hl-H-^5 ^ai^eHo^IAH A^£|fe AWo|(H 7|5 gaiSSS ^S^7| ^15 ^ e-^|^ * 

£5a« f^B, Al-nl-olo-j 715(131) GaN o|^o^ tfg- ^3ES(135)0| S-S£|o-| fjcf. ^7| 

i, h: ?iw(135)S GaN & 7 jS§g GaN aEH&S(135a), l h ^S(135b) 3! pS GaN aEH-&S(1 35c)S 

i#5cK 

0|0i E5b£h 5i-0|. 4f7| GaN ^ ?Z£M(135)S 4iS2| H7|(S1)§ 5>£^ S55CK & 4|A|tgEH2h i K 0|, 

¥M£H| cHff ^7f^°i ^x| at°[H, 7|-^5 W ?£g°l 37|(S)B *M| «kh aioWSI SAKHI °| 

5 ^« S|iSF#7| ^SHAH, ^7| rtSo) H7 |- i|gxHO| ^ah C(-0|£j= &|| ^gcfe 3.7 1^ S&^fe 50| 

h|-95|«H^. *^I5, S asol olofl Al!5£lb 5j£ ol-um, a!o|xH U 2£Ahffl*|j* 7Ho| S<y§|-7HL| zlMcI- ?s|-s 3.7 \ 

CH°£, £5c£|- tfO|, SStS(134)* 0|g^0=| 7|5(141)« £BS y«-?^#(135) ^eofl atfA| 

t* SSS JE3doi|AH gsm &E|, S^S(134)S £E5^ 7|5(141)S| Sl-fflofl ^oH| zl e 

s w-s=?ss(i35: s«r*i g 3 n aBH=s(i35c))^ofl ss°£ tNs iAi^cK oi 

2h a-oi, gee tya-^s^ias) ^a<Hi ts-a 7i5(i4ijs stm^^M oi#. ai-hi-oioh 715(131)01 gBl£Jc:^^^ 

zt S55 tf«- r f 1 2E.S(l35)5 0-a«|oS S^S 4= aiocN, Dj-ShAH, ^^^^2^ STS *^5SoflAHE. ^ 
eh^ o^a S§ olS^o^l S0|«h7H| 4 SJcK & ^A|cH|sh ao| 5a|-SO| 8^o| 5)g 7|5§ a 
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0|<H, £5d£h fl-ol, AWoloH 7|£h(i3l)2j t^oil aiolxH gJS SAl-sHM £?i*l£J S^I^S olssKM #7| S&^i 
ZK Bf#=jis8(135)3.¥E| &7| A^OlcH 7|&S SE|A|fld|-. 0| CCHcHI, &7| gm?S§(135)°] T^OW 

S^S n °mo]\ u|si|Sho=|, g srb «o|iH<HI eilolxH ^ahj- dhmcI- ih^ilb &o^^# 
AllJ 4- ?JcK 

se&, s sse aioix-s yo| iA |-a^i& ?jio|e^ oh^mci- itoo £i a| 0 |x-i 4^1 e>**sfe 

°s ^s@ck aw ah, 121 enow asi sawoi zl ^ah ^goi mbis 4= ait^, £5b°i awsgsi sbs 

SoiiaH ^g-JEJb a.7lb aj<H£ eilolxH a =EA|-E*lfia s ^ 301 m-»5|*H}. 

E«S £A|& 50[CK 0^7|AH a^S^SSe 7H«a Bl-a-^SSOSSjeJ GaN MBH£S(135a)°| 7| 
5h(141)°| S^Ofl 0|§H 4|A|m. C[&, n « GaN 3BH^#(135a)o| tffflofl t^Sjfer n€ S^(149)& DfiHi 0| 

^^^^(^hF^hos. &°jo| gg-)0fl^ -td^j^^S. S-ySjQi, flS|(147)S dH^a^S-AH 7|&( 
141) fhfflcHi chsH a*|S|os £gu 4= aich. 

4lS*teS, £E5f£|- 5fo|, £5e 3S£| a^Sft H"^ ^o|£.c o| 37 |s =H&S|-oi £jS*i£J 4^¥i GaN 
* CK>|2J=(140)» <y« 4= ?M. ftJBhS|oS £a«7|e(141)e AW0|0i7l&<H| ti|5H 3-£7h a|S7|fi S 

0| AfS£|S^, fiMj ^ 4= oi cK 

e ^Ai^eHfi} #oi, £5bs-i gso^iAH tfa-^s*(i35)s tfs-c+oi£=ai a7is DiBi aesife s^ib, & 
^se 7i&(i4i }o| aegsoay u aieiu, ^a^^ui- a as ai7i^ ae-sib g?ofc, yg- 

?SS(l35)ofl cfl*f SBSSf &A|ofl 4^£ 810-. 

^ch, %¥S*!chi 7 \xm e assi 7te^j At&fi | ^!o^L^x| stb a« ukhi/h ^eh^i xis, a 



ah^ & ti \.2[ a-oi, e yj-goj GaN yj-mj- choi£=«Hi n^ffl, A^E^o|o^7l^^« A^7H#m urns 7mm ^ 
s-^s.3j-7F i^snxm, a**s£ ®eh°i 4-s?ze a-schoifisach ye e^s *sh s^sioh ssj-s 

Sr^Allj 4^ S5H7I STEi&a*JE &&MZi 4 s ?JcK 

SEff, «S^eoi|AHb, Sf D J£gif 7H-fcjl- 4= S5i£H£, ^-y«So| ^sthxl e^o^, 

Ahn|-o|o-l7|e-o| Ai|7H£|°^, 7HS Eh*|M SE^hfe 5So| L^«Ha 4= £JcK 

u^o^7^, led°I *l£^e^|AH£, saHsi ^S?^. as h c|-o|oc2} gal, ^nsl-b SSo| a?£|3c| 



(57) Sfl 
S^Sf 1. 

Ain s^oi s-aa ^rea- ?>b x-m GaN #bh=s; 

^7 1 X||1 GaN S£H^© S^tHi fl-^S; 

fc^ I t[^o\\ Ai|2 GaN SBH^S; 

&7\ Ai|2 ESS GaN SEH = £<H) ES^ Q«fS; SJ 

^7| i^-y gsfS ShtfOil ?^^£|CN, Ali2 S^0| ^tfg §>b ES A j 7|&« itrthb GaN l^O|£ = . 

^^ifj- 2. 
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#7| n\2 ESS GaN SalM^ #7 1 ES£! AhO|0« ES^SSS Off 0-|£! uhAfgg cH 

GaN a-* C|-0|2 = . 

*2tto| °|oUH, 

Au, Ni, Ag, Al SI =L ffgog ^ah=J ngo^^E) £jsj=j g*J^. OffO-|£l 5§ fS2^ *fe GaN W C[0\2. 



*l|1»ol| &<HAH, 

7i|s.Dfe, °j GaAsS JE&Sfe ZLgo^^Ei fSS Offo-IS gj.- GaN ^ST cfO|S 



g^ig- 5. 

Au- Sn, Sn, In, Au- Ag §J Pb- SnS i&thfe 3&°^¥EH fS£ Offo-|*J ffe GaN 

ChO|££., 

SlWofl &<HAH, 

#7\ Ml ESS GaN SBtl^Se nS M£gO| EDS GaN ^SSOlfl, 

#7| *i|2 ESS #BHc@g p g M^gol ES=| GaN aSS£J 5* ^S°£ Wte GaN cfo|££. 
7. 

awoicH7|& #chi, an ess GaN seh^s, sr^s a; *«2 ess GaN seh^soi ^*^o^ hhxis sm^s 
es^ a*r«s oi§§ho^ ^7 1 a-s?sesi Ets #a<Hi es^ 7i»§ aimfe emi; 

&7| tf«-=?S5SYEl &7| A^0|CH7|eS Xi|7HSfe 07=11;, 

^71 *m ess aBH^soi g #7i A^ojcH ymo\ wm # 7i es^ 71&21 ir.su e°fl x-m gy 7312 

&7| 75iH Si a||2 a^jol S^S a^MS 7H^ B|-S-cFo|S£ = s HBWfc 0-7=115 GaN am c|-o|oc ^ 

Ul-fcfH 

O 1=1- 

S?§ 8. 

si7«<Hi &chah, 

#71 xl|2 E^i 4 GaN ^ofl ES^ §15 off o-IS tfAt&ft S^mfe B*fl» cH 2* 

©fe GaN U-S- Ch0|5£= *HsySI. 

S^S 9. 
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#7| etAhSS, 

Au, Ni, Ag, Al §U n ^S^M nS°S^Ej £j"Hf£ OHrO-|£] 5JS ^*)om ©fe GaN tf§ ChO|£ 

St 1 ^ 10. 

^| 7 * Ko1 | o A t oUi 

&7| tt"iT^^o| ak^o^I ££H£! 7|e« a^^fe 

61-71 7|fi-o| ©fffloil #7| a*f»w S^Sfc BHSlf, 

GaN arS" ChO|S£ ans^s. 

57ffol| 9MM, 

7 1 i^^sf^ tig Aj-^oij £5 ah 7 | £hS g-^ife, 

&7i h-^^msi t#E! &-e<^i &7i S^fe 

&7| A|-Il|-0i0-|^|ei-« ^|7HSfe e-7=||fe, 

#7| A^OlO^lfi- ^¥<Hi ei|0|7:4 ^A|-5|-<H &7| W«^SSS¥EH 7| Ah^0|0H7|eS ^Sl^fe 074]Oj 

fS££ Sfc GaN im i}0|£ = 

g zp. "1 3 

&7| ^-3-^S#0| SE^tlfe rtS^I 37|te, tf7| 5HO|XH^0^ o|£j- ^ffl^ >|o| g^|. 7 -| u |. ^jg figo £ 

tFfe GaN sm ^0|oc xji^.^^. 

S^tfr 14. 
*I|12S<HI o|0HAH, 

#7| im?^#0| SE^fe 4:SSj H7|-b, #7| MB|£! im?^M0| 7HH imCK)| o c o| ^ 7 \o\\ <^7k\t[Di, 

4t7\ ?m ^S-cho|S£S SE^fe EMfe &7| 7|&« 7m gm^o|oc 3. 7 | S aEi-sfe 2* ^S^S. 

thb GaN im ChO|o c xilS^S. 

#7| 7|&&, 

4|E|e, ^I^Dfe SL> GaAsS ilftfe ngo^E) Ajaj^J 0|*0-|£! 2* ^§£S Sfc GaN tfS" ^0|£ 

= x-iliSf-S. 
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*H7«o|| &oUH, 

Au-Sn, Sn, In, Au-Ag gJ Pb- SnS ZL» o^iji&| £NS Offo^l ^8 ^S^^ Sfe GaN tf* 

Q=?Q 17. 
«l7«-o|| &oUH, 

7| GaN aeH^SS nS S£MO| GaN 3S§0|E^, 

#7| n\2 £SS SEH^Se M^gO| £SS GaN ^S^S. Sfe GaN ^ C[0|£c xflS^H. 
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